or absence of lymph node metastases. Patients with gastric cancer with invasion within the MP (MP gastric cancer) in Japan account for about 10% of all gastric cancer patients undergoing a surgical resection [1, 2] . MP gastric cancer is usually treated by a curative surgical resection, and the 5-year survival rate was reported as 72% to 82% [3, 4] . Although most patients with MP gastric cancer are cured by an R0 resection, 16% to 22% of these patients have recurrences postoperatively [3, 5] .
or absence of lymph node metastases. Patients with gastric cancer with invasion within the MP (MP gastric cancer) in Japan account for about 10% of all gastric cancer patients undergoing a surgical resection [1, 2] . MP gastric cancer is usually treated by a curative surgical resection, and the 5-year survival rate was reported as 72% to 82% [3, 4] . Although most patients with MP gastric cancer are cured by an R0 resection, 16% to 22% of these patients have recurrences postoperatively [3, 5] .
There are many reports that the subclassifi cation of gastric cancer with invasion within the submucosal layer (SM gastric cancer) is useful to predict lymph node metastasis [6, 7] . It remains unclear, however, whether subdivision of tumor invasion into the MP is useful for predicting lymph node metastasis and prognosis [8, 9] . In general, the MP is histologically divided into three layers; namely, the innermost oblique, the inner circular, and the outer longitudinal layers. Actually it is diffi cult to distinguish the innermost oblique and inner circular layers of the stomach under a microscope. However, it is easier to distinguish the inner circular and outer longitudinal layers. These results and facts suggest that the subdivision of MP gastric cancer into cancers in the inner circular and outer longitudinal layers might therefore make it possible to predict the prognosis of patients with MP gastric cancer. The present study evaluated the infl uence of the extent of tumor invasion into the MP.
Introduction
Gastric cancer is a common neoplasm worldwide. Though an R0 resection can be performed in most cases, advanced gastric cancer (AGC) still often recurs. In Japan, AGC is defi ned as a tumor with invasion beyond the muscularis propria (MP), regardless of the presence
Results
Of the 59 gastric cancer patients with MP invasion, 34 were classifi ed as the inner group, and 25 were classifi ed as the outer group. The comparison of the clinicopathological factors in MP gastric cancer patients by the subdivision is summarized in Table 1 . The outer-group patients had signifi cantly higher probabilities of lymph node metastasis and venous invasion than the inner group (P = 0.0053 and P = 0.027, respectively).
The 5-year cancer-specifi c survival rates of the inner and outer groups were 94% and 72%, respectively. Univariate analyses revealed that the only statistically signifi cant prognostic factor in patients with MP gastric cancer was the subdivision of the MP (P = 0.017; Table  2 ). The inner-group patients had a signifi cantly better prognosis than the outer group (Fig. 3) . Patients with lymph node metastasis tended to have poor prognoses; however, this factor did not reach statistical signifi cance in this study (P = 0.067; Table 2 ).
The recurrence rate of the inner group was 6% (2/34) and that of the outer group was 36% (9/25). The difference between these two groups was statistically significant (P = 0.0082; Table 3 ). Regarding the recurrent sites, two inner-group patients had peritoneal recurrences. In the eight outer-group patients with recurrences, four patients had liver recurrences, two patients had peritoneal recurrences, one patient had lymph node recurrence, and one patient had bone recurrence. This result suggests that the difference in the recurrence rates might thus have resulted in the difference between the clinical outcomes in the two groups.
Discussion
Even if histologically diagnosed as having MP gastric cancer, which is an advanced disease, some patients nevertheless still have a good clinical outcome. Histologically, the MP is divided into three layers, the innermost oblique, the inner circular, and the outer longitudinal layers. The gastric innermost oblique layer appears from the esophageal inner layer and does not reach the antrum. The gastric inner circular layer is the thickest layer, and is well-muscled, especially in the pylorus as the sphincter pylori muscle. The gastric outer longitudinal layer leads from the esophageal outer muscular layer, and leads to the duodenal outer longitudinal layer. In this study, we hypothesized that the subdivision of MP gastric cancer according to these layers might help to predict the prognosis of patients with MP gastric cancer, as reported in the subclassifi cation of SM gastric cancer. In subdividing the MP, the lowest line of the inner circular layer was selected as the boundary line, because it is easier to distinguish the inner circular and the long-term survival, and disease free survival were available. One patient with a lymph node metastasis regarded as a distant metastasis according to the Japanese Gastric Cancer Association Japanese classifi cation of gastric carcinoma (Japanese classifi cation) [10] was excluded from this study. The remaining 59 MP gastric cancer patients were eligible, and their median followup period was 77 months (range, 6-189 months).
For histological examinations, 10% formalin-fi xed, paraffi n-embedded specimens were cut into 3-mm-thick sections. In each case, cancer invasion was evaluated using the section with the deepest invasion stained with hematoxylin-eosin (H&E). For the evaluation of venous invasion and lymphatic invasion, Victoria blue-H&E staining and immunohistochemical staining for D2-40 (Nichirei, Tokyo, Japan) [11] , respectively, were carried out.
The 59 patients were divided into two groups according to the depth of tumor invasion. The patients with invasion up to the inner circular layer were classifi ed as the inner group, and the patients with invasion beyond the inner circular layer were classifi ed as the outer group. In addition, patients in whom the cancer invasion front was located between the inner circular and outer longitudinal layers were classifi ed as the outer group. A schematic drawing of the MP and the subdivision into inner and outer layers is shown in Fig. 1 , and the schema and examples from each group are shown in Fig. 2 . The subdivision was carried out by two pathologists without any knowledge of either the clinical or survival data.
The χ 2 test was used to compare data between the inner and outer groups, and the Kaplan-Meier method and log-rank test were used to analyze the patients' postoperative survival. A P value of less than 0.05 was considered to be statistically signifi cant.
outer longitudinal layers than it is to distinguish the innermost oblique and inner circular layers under a microscope. In the present study, the results indicate that the subdivision of MP gastric cancer can help to predict patients' prognoses.
Ishigami et al. [8] subclassifi ed MP gastric cancer into two types according to the depth of tumor invasion. They divided the MP layer into two types as follows: MP1, in which the tumor was limited to the upper third layer, and MP2, in which the tumor had expanded beyond MP1. MP1 cases had a signifi cantly lower frequency of lymph node metastasis and a higher rate of operative cure than MP2 cases. However, the procedure used by Ishigami et al. [8] for subdividing MP gastric cancers in order to measure the depth of invasion was quite complex. We note the following issues: fi rst, the volume of the invaded tumor and the associated infl ammation make the layers (mucosa, submucosa [SM] , and MP) of the cancer lesion thicker than the normal layers, and it is diffi cult for pathologists to measure the MP layer. Second, in cases where the border is between MP1 and MP2, the pathologist must measure its accurate depth, and this requires extensive time and effort. MP, muscularis propria a Cutoff value was defi ned as the median value b P value can not be calculated because middle group patients did not die stomach, as mentioned above. Pathologists can easily detect the lowest line of the inner circular layer and subdivide MP gastric cancer using this dividing line without measuring the depth. This subdivision of the MP layer correlates with lymph node metastasis and prognosis, and this method is useful to predict the risk of recurrence.
In the present study, the inner group had a significantly better prognosis than the outer group. The mean thickness of the inner circular layer (obtained by adding the thicknesses of the innermost oblique and inner circular layers) was about three and a half times the thickness of the outer longitudinal layer in the normal part of the stomach (MP, 1822 ± 676 μm; the innermost oblique + inner circular layers, 1353 ± 560 μm; the outer longitudinal layer, 382 ± 230 μm). Though it is natural that when the tumor invasion is deeper, the tumor has a greater chance of vessel invasion, a plexus of lymphatic vessels was noted between the inner circular and outer longitudinal layers (Fig. 4) . In this myenteric region, there is a plexus of nerves, lymphatic ducts, and blood vessels. In recent studies, the interstitial cells of Cajal (ICC) in this myenteric region have been widely Inner (n=34) Outer (n=25) Fig. 3 . Survival curves of patients with MP gastric cancer. The inner group had a signifi cantly better prognosis than the outer group (P = 0.017) observed, and they are reported to form a network that is associated with the complicated movements of the smooth muscle of the stomach [12, 13] . When the tumor invades this plexus, the rate of lymph node metastasis becomes higher and this causes a high frequency of lymph node metastasis. The presence of cancer cells in the lymphatic ducts and blood vessels in this myenteric region is defi nitely associated with the prognosis. Son et al. [14] divided MP gastric cancer into inner and outer levels and reported that the depth of invasion within MP gastric cancer was associated with no difference between these two groups in the patients' prognoses. But they did not show which line of the layers they used to divide the three layers into two groups and which level included the myenteric plexus, nor did they mention the existence of the lymphatic plexus. Indeed, in the present study, there were nine patients with tumor invasion reaching the plexus. At present in Japan, patients with pathological T2 gastric cancer with lymph-node metastasis are recommended to receive adjuvant chemotherapy [15] . It may be suggested that inner-group patients with lymph-node metastasis need not receive adjuvant chemotherapy, because the 5-year survival of this group in the present study was 91.7% and it was signifi cantly better than that of the other T2 patients (excluding the inner-group patients) with lymph-node metastasis (data not shown). However, this remains no more than speculation, as this study was retrospectively designed, and the sample size was too small to perform a multivariate analysis.
In conclusion, whether the tumor reaches this plexus of lymphatic vessels between the inner circular and outer longitudinal layers might be one of the most important factors for predicting the prognosis of patients with MP gastric cancer. If the tumor invasion is only up to the inner circular layer of the MP of the stomach, then the patients have a good chance to achieve a good clinical outcome. 
